Frizzled (Fzd) receptors on target cells. Binding of Wnt
Importantly, CD45 ϩ :Sca1 ϩ and CD45 Ϫ :Sca1 ϩ cells purito Fzd activates Disheveled (Dvl), leading to the inactivafied from uninjured muscle were always Myf5nLacZ negation of Glycogen synthase kinase-3␤ (GSK-3␤), a cytotive and never gave rise to determined muscle cells in plasmic serine-threonine kinase. The GSK-3␤ target vitro (n ϭ 6) (data not shown). Strikingly, however, 7.2% Ϯ ␤-catenin is stabilized, translocates to the nucleus, and 2.6% of CD45 ϩ :Sca1 high (n ϭ 6) (see Figure 1A for sorting activates TCF (T cell factor)-dependent transcription on gate) and 3.8% Ϯ 1.8% of CD45 We also examined the impact of ctx on the numbers appears to be necessary and, in some instances, suffiof myogenic progenitors present within injured muscle. cient to induce and maintain the myogenic program in Interestingly, 18 hr post ctx injection, the number of embryonic precursor cells. 12 hr, 1 day, 4 days, and 10 days post ctx injection with four independent replicates performed for each time point (publicly available at http://microarray.cnmcresearch. org). Only genes that showed Ͼ2-fold expression is an underestimate of the actual efficiency, since EGFP changes between control and experimental samples (reis only detectable in up to 50% of muscle cells from these generating) following four possible pairwise comparitransgenic mice and the plating efficiency of CD45 ϩ :Sca1 ϩ sons were studied further. Our analysis of these data cells is low (discussed later). The complete absence of confirmed that Wnts 5a, 5b, 7a, and 7b were upregulated myogenic cells observed in CD45 ϩ :Sca1 ϩ fractions culas early as 24 hr postinjury, with high levels of expression tured alone (n ϭ 6) ruled out any possible contamination maintained through the 10 day regeneration time course of cocultures with myoblasts due to sorting.
(data not shown). sFRPs, by contrast, were upregulated The Wnt signaling pathway is activated by lithium late in regeneration from day 4 to day 10 postinjury. through inhibition of GSK-3␤, and stabilization of Specifically, sFRP1, 2, and 4 were upregulated 7.3 Ϯ ␤-catenin in treated cells (Hedgepeth et al., 1997). There-1.2-, 4.9 Ϯ 0.3-, and 7.4 Ϯ 4.1-fold, respectively, at 10 fore, to investigate whether the Wnt signaling pathway days of regeneration relative to uninjured muscle (averwas involved in this phenomenon, cocultures of age of four pairwise comparisons). In summary, our gene CD45 ϩ :Sca1 ϩ muscle cells and primary myoblasts were expression studies suggest roles for Wnts 5a, 5b, 7a, exposed to 10 mM LiCl. Strikingly, treatment of coculand 7b in regenerating muscle. tures with 10 mM LiCl resulted in a 15-fold increase in the frequency of GFPϩ MHC-expressing myocytes to 7.5% (n ϭ 3) of input cells ( Importantly, Wnts 5a and 5b were expressed in proliferating myoblasts, but not in differentiated myotubes. By suggested that activation of the Wnt signaling pathway induced myogenic specification in CD45 ϩ :Sca1 ϩ cells contrast, Wnt7a was expressed in myotubes, but not in myoblasts ( Figure 3B ). Interestingly, all three Wnts were isolated from adult skeletal muscle.
We also tested whether Sonic hedgehog (Shh) could expressed in isolated single muscle fibers. However, Howell et al., 2002) . Moreover, we have observed that CD45 ϩ :Sca1 ϩ cells purified from regenerating muscle lose expression of CD45 after 2 days in myoblast growth conditions (data not shown). Whether different muscle cell populations with varying degrees of myogenic potential are related remains unknown, and further study will be required to elucidate potential relationships.
The purpose of our study was to identify molecular mechanisms by which nonmyogenic cells are recruited to the myogenic lineage under conditions of physiological stress. For this reason, we investigated the myogenic Cardiotoxin-Induced Regeneration After two washes with DMEM at 4ЊC, cells were separated on a 5-to 8-week-old mice were anesthetized with Halothane gas. 25 l MoFlo cytometer (DakoCytomation) equipped with three lasers. Sort of 10 M cardiotoxin (Latoxan) was injected directly into the TA gates were strictly defined based on isotype control stained cells muscle using a 29 G 1/2 insulin syringe. For cell proliferation assays, and single antibody staining. Dead cells and debris were excluded 0.3 mg/kg of 5-bromo-deoxyuridine (BrdU, Sigma) was injected inby gating on forward and side scatter profiles. Sorting was pertraperitoneally 90 min prior to sacrificing animals. Cells that had formed using single cell mode to achieve the highest possible purity. incorporated BrdU were detected by flow cytometry using a FITC The purity of sorted populations was routinely Ͼ98%. Lists of genes with Ͼ2 fold changes after four possible pairwise or ␤-catenin (BD Transduction Laboratories). Fluoroscein-or Rhodacomparisons between control and experimental samples were made mine-conjugated antibodies (Chemicon) were used for secondary available as Excel spreadsheets on the CNMC website (http:// detection. Cover slides were mounted and analyzed using a Zeiss microarray.cnmcresearch.org). Axioscop fluorescent microscope.
